A survey of the rearrangement of methyldecalins via C-5 carbocation intermediates, with special attention to the silicon-guided rearrangement of epoxydecalins is provided. A TMS group properly positioned on either C-1 or C-9 promotes the acidic rearrangement of 10-methyl-4,5-epoxydecalins and 10-methyl-5,6-epoxydecalins with exclusive migration toward C-5 of the methyl or methylene groups linked directly to C-10. The application of this biomimetic approach to the synthesis of a number of spirocyclic and eremophilane sesquiterpenes is reported.
The elucidation, in 1939 [1] , of the structure of eremophilone, the first known eremophilane sesquiterpene, isolated from Eremophila mitcheli in 1932 [2] , revealed the occurrence in nature of sesquiterpenes that did not follow the "isoprene rule". Robinson suggested that eremophilanes were formed in nature from C-5 cationic eudesmane precursors by a Wagner-Meerwein type rearrangement involving methyl migration from C-10 to C-5 (Scheme 1, path a) [3] . A similar intermediate has been proposed as a biogenetic precursor of sesquiterpenes bearing the spiro [4, 5] decane framework, that is, spirovetivanes (Scheme 1, path b) and spiroaxanes (Scheme 1, path c), via processes involving migration of C-9 and C-1 methylenes with concomitant contraction of rings B or A, respectively [4] . The hypothesis of a common biogenetic pathway for this kind of compound is supported by the simultaneous presence of eudesmane, eremophilane, and spirovetivane sesquiterpenes in some plants and marine organisms [5] . Because of the extensive synthetic work carried out with eudesmane sesquiterpenes [6] , a biomimetic synthetic approach to eremophilane and spirocyclic sesquiterpenes from eudesmanes, based on Robinson's hypothesis, seems very interesting, since C-5 carbocationic eudesmane derivatives are available by acid treatment of either C-5 hydroxy-or epoxyeudesmanes. However, the number of examples using this approach for the synthesis of natural products in the literature is scarce.
A first study of the acid promoted rearrangement of 4,5-epoxyeudesmanes was carried out by Metha et al. [7] . These authors studied the rearrangement of epoxides 1, 3, and 5 promoted by BF 3 ·Et 2 O in toluene obtaining the results shown in Scheme 2. In none of the cases were products resulting from the C-14-methyl, C-1-or C-9-methylene migrations obtained. One year later, Hikino et al. [8] studied the rearrangement of the same epoxides using BF 3 ·Et 2 O in benzene at higher temperature (Scheme 3). Although these authors described the formation of some of the same rearranged products obtained by Metha et al, a new compound (8) was described as the major product resulting from the rearrangement of epoxides 3 and 5 under these conditions. The formation of compound 8 can be explained in terms of a C-9-methylene migration to the electron-deficient carbon C-5, promoted by coordination of the Lewis acid to the oxirane to give a new 1,3-hydroxycarbocation intermediate with a β-vetivane framework, followed by the cleavage of the C-4-C-5 bond and formation of a carbonyl group (Grob-type fragmentation) (Scheme 4). During research toward establishing the absolute stereochemistry of β-rotunol (9), Hikino et al. [9] obtained the spirocyclic compound anhydro-βrotunol (10) by treatment of 9 with POCl 3 /pyridine (Scheme 5). In this case, the authors explained the formation of the spiranic product by the selective migration of the methylene group anti to the C-5-hydroxyl group, which would be favored by the formation of a dienone moiety in the rearranged product. The presence of the hydroxyenone moiety in the starting material would be crucial for the success of the reaction. Based on this work, Huffman et al. used hydroxylenone 11 as the starting material in an attempt to obtain the eremophilane skeleton by migration of the methyl group anti to the hydroxyl group at C-5 [10] . However, all attempts under different acidic conditions were unsuccessful and no rearranged products were obtained. Instead, the reaction afforded dehydrated products resulting from 1,2-elimination of the hydroxyl group. Similar results were obtained with the related hydroxy ketone 13 (Scheme 6).
The first successful example of a direct transformation of an eudesmane into an eremophilane was described by Kitagawa et al. [11] , who obtained compound 17 upon treatment of the epoxyeudesmanolide 16 with formic acid in acetone at reflux temperature (Scheme 7). The presence of the oxirane and lactone rings seems essential for the success of this reaction, since under identical conditions these authors failed to rearrange compounds 18 and 19, which lack these moieties. Ceccherelli et al. have studied the rearrangement of several epoxy ketones with eudesmane skeleton [12] . According to these authors the presence of the carbonyl group at C3 would favor the Lewis acidassisted cleavage of the epoxide with concomitant skeletal rearrangement. Thus, treatment of compound 20 with BF 3 ·Et 2 O in benzene at 25°C for 5 min yielded diketone 21 and the eremophilane hydroxy ketone 22 as the major product. Upon similar conditions, treatment of the isomeric epoxyketone 23 afforded diketone 21 as the major product, together with the spiranic ether 24. These results evidenced the importance of the stereochemistry of the oxirane ring on the outcome of the reaction (Scheme 8).
The above precedents show a complicated overall picture for the rearrangement of C-5 carbocationic eudesmanes (or 10-methyldecalins) where different competitive pathways are possible. This makes this potentially valuable biomimetic approach to such compounds of limited applicability. Thus, at least three main problems may be encountered: a) Lack of selectivity of the migrating group (Schemes 2, 3 and 8). In a total synthesis of solavetivone from carvone, Hwu and Wetzel [13] described a pioneering rearrangement of a 1-trimethylsilyl-5hydroxyeudesmane (25) to give diene 26 bearing a spirovetivane framework with total selectivity and good yield (Scheme 9).
The success of such rearrangement is based on the special features of the silicon atom. Thus, the trimethylsilyl (TMS) group promotes the selective migration of the C-9 methylene in β to the TMS group by stabilizing the resulting carbocation at C-10 (β-effect), and at the same time it prevents further rearrangements by rapidly eliminating the TMS group to form a double bond between C-1 and C-10 (super proton behavior) [14] .
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As a part of our former research program towards the synthesis of bioactive sesquiterpenes [15], we studied the silicon-guided rearrangement of 4,5-and 5,6-epoxyeudesmanes and related compounds as a synthetic route toward natural products, particularly eremophilanes and spirocyclic sesquiterpenes. From the synthetic point of view, the rearrangement of these epoxy eudesmanes is especially attractive because the corresponding rearranged products are still functionalized at either C-4 or C-6, which allows further synthetic modifications at these positions.
According to the findings of Hwu and Wetzel [13] , the presence of a TMS group on a carbon vicinal to the decalin quaternary bridgehead carbon C-10 should promote the preferential migration of the methyl or methylene groups linked to the bridgehead carbon to give a new silicon stabilized carbocation located on C-10, over 1,2-elimination and other possible migrations. In order to determine how the location of the TMS group in relation to the epoxide moiety can affect the selectivity of the migrating group, that is methyl versus methylene migration, during the rearrangement, we prepared two trimethylsilyl-epoxy decalins ( Compounds 31 and 35 were prepared from enone 28, which is easily prepared by treatment of dienone 27 with trimethylsilyllithium (TMSLi) in the presence of CuCN. Enone 28 was deoxygenated at C-3 in two steps by treatment with ethanedithiol in the presence of BF 3 -Et 2 O to give thioketal 29, followed by desulfurization with Ca in liquid ammonia. Finally, epoxidation of the resulting olefin with magnesium monoperoxyphthalate (MMPP) in methanol afforded epoxide 31 as the only diastereoisomer. The synthesis of epoxide 35 required deconjugation of the enone moiety, which was achieved by treatment of compound 28 with potassium tert-butoxide in dioxane, followed by reduction of the ketone with NaBH 4 /CaCl 2 to give two alcohols 32a and 32b in 46% and 25% yields, respectively. The major alcohol 32a was transformed into phenylselenide 33 (73%) by reaction of its mesylate with NaSePh.
Hydrogenolysis of the C-Se bond using Raney Ni gave alkene 34 in 87% yield. Finally, epoxidation of 34 with MMPP gave epoxide 35 as the only product [16] .
Rearrangement of compound 31 by treatment with BF 3 ·Et 2 O in acetonitrile from −20 to 0 °C furnished an approximate 1:3 mixture of two products 36 and 37 (Scheme 11). The major product was identified as the spirocyclic compound 37, which would result from the preferential migration of methylene C-9 to C-5 and elimination of the TMS group. The minor product, which has a decalin structure 36, would result from the migration of the angular methyl from C-10 to C-5 and elimination of the TMS group.
On the other hand, treatment of epoxide 35 with BF 3 ·Et 2 O under similar conditions gave exclusively the decalin product 38, resulting from migration of the methyl group and elimination of the TMS group in 53% yield. These results showed that a TMS group on C-1 or C-9 promoted the acidic rearrangement of 10-methyl-4,5-epoxy decalins with exclusive migration of the methyl or methylene groups linked directly to C-10.
The preference for the migration of these groups depended on the relative disposition of the epoxide and TMS groups. Thus, methyl migration was found when both groups were placed on different rings, while methylene migration was preferred if they were on the same ring. The TMS group also inhibited the Grob-type fragmentation of the rearranged products and determined the location of the new double bond in the final products.
According to these results, we established different synthetic approaches to spirocyclic sesquiterpenes and eremophilanes via rearrangement of the proper trimethylsilyl-epoxyeudesmanes, as outlined in Scheme 12. According to Scheme 12, the synthesis of spirovetivane sesquiterpenes would involve the rearrangement of a proper 4,5-epoxy-1-trimethylsilyleudesmane intermediate. We have used this strategy in a synthesis of (+)-anhydro-β-rotunol (10) and of all diastereomers of 6,11-spirovetivadiene (40a-d) starting from santonin (39) [17] (Figure 1 ). (+)-Anhydro-β-rotunol was first isolated as a natural product from Solanum tuberosum tissues infected with the fungus Phytophthora infestans [18] , and later from the roots of Solanum aethiopicum [19] . Structure 40a has been assigned to (−)premnaspirodiene, isolated from Premna latifolia [20] and Lepichinia sp. [4, 21] . Structure 40b has been assigned to (−)-hinesene, a natural product isolated from Lepidozia reptans [22] , Rolanda fructifrosa [23] and Frullania sp. [24] . Structure 40c has not been described yet as a natural product, while structure 40d has been tentatively assigned to (−)-agarospirene, a natural product isolated from the Taiwanese liverworts Scapania robusta and S. maxima [25] , although the authors did not exclude a structure enantiomeric to 40a for this natural product.
Santonin was used as starting material [26] for the synthesis of the key epoxide 46 (Scheme 13). The first transformations were aimed to modify the lactone moiety. This was achieved in three steps involving epimerization of C-6 by treatment of santonin (39) With this epoxide available, the acid-promoted rearrangement of the carbon skeleton was attempted.
We expected that a carbocation at C-5 should be formed, which would promote selective migration of methylene C-9 (guided by the TMS group on C-1) to give compound 48 with the spirovetivane skeleton (Scheme 14). Effectively, treatment of compound 46 with BF 3 ·Et 2 O in CH 2 Cl 2 at -40 °C brought about migration of the C-9 methylene to C-5 with concomitant contraction of the B ring to give the spiro compound 48 in 64% yield (Scheme 13). A diene 47, resulting from opening of the epoxide and dehydration, was also obtained as a by-product (8%), although no additional rearranged products were detected in the reaction mixture.
Compound 48 was used as the common intermediate for the synthesis of the spirovetivane sesquiterpenes 10 and 40a-d. The synthesis of (+)-anhydro-β-rotunol (10) was achieved first (Scheme 15). For this purpose, the primary hydroxyl group in the side-chain was eliminated in order to construct the isopropenyl moiety. Alcohol 48 was treated with mesyl chloride and the resulting mesylate was heated with LiBr-Li 2 CO 3 in DMF to give compound 49 in 70 % yield. During this reaction, the corresponding bromide is formed as an intermediate, which eliminates upon prolonged heating in the basic medium. To complete the synthesis, the cyclohexane ring of compound 49 was modified in order to create the cross-conjugated dienone unit characteristic of (+)-anhydro-β-rotunol.
Allylic oxidation was carried out with CrO 3 /2,5dimethylpyrazole (DMP) to give compound 50 in 55% yield. Finally, elimination of the tertiary hydroxyl group with p-toluenesulfonic acid (TsOH) at benzene reflux temperature afforded 60% of (+)-anhydro-β-rotunol (10), whose physical and spectral data were consistent with those described for the natural product [28] .
Next, we undertook the transformation of compound 48 into all diastereomers of 6,11-spirovetivadiene. The synthesis of compounds 40a and 40b was achieved directly from compound 49 by deoxygenation of the tertiary alcohol (Scheme 16). The procedure chosen was the reduction of an ester with potassium in t-butylamine. However, treatment of compound 49 with acetic anhydride/pyridine did not yield the expected acetate; instead two products in an approximate 2:1 ratio were obtained, separated and identified as the corresponding 3-acetoxy-2butenoyl esters 51a and 51b. The 3-acetoxy-2butenoyl moiety presumably results from a Claisen acylation of the initial acetate followed by O-acetylation of the intermediate dicarbonyl enolate. Treatment of 51a, 51b or mixtures of both compounds with potassium in t-butylamine brought about reduction of the ester to the expected epimeric hydrocarbons, which were separated by HPLC. The minor compound 40a, obtained in 38% yield from 49, showed coincident structure to a synthetic product obtained in an independent synthesis of (−)-solavetivone [13] . Compound 40a also showed identical spectral data as natural (−)-premnaspirodiene [4,20,21]. The major product 40b, obtained in 43% yield from 49, with the epimeric structure at C-10 showed identical spectral data to that of natural (−)-hinesene [22] [23] [24] .
The synthesis of compounds 40c and 40d required the inversion of the spiranic carbon. This could be formally achieved by hydrogenation of the double bond in the cyclohexane ring and elimination of the tertiary hydroxyl group to form a new double bond. The synthesis of these compounds was started from compound 48 instead of compound 49 because of the presence of a double bond in this latter compound (Scheme 17). Thus, compound 48 was hydrogenated over Pd/C to give two epimeric compounds 52 and 53 in 52% and 43% yield, respectively. Stereochemistry of these compounds was assigned by derivatization, NOE and NOESY experiments. The transformation of compounds 52 and 53 into the target molecules required the elimination of both hydroxyl groups in the molecule, which was carried out in different stages. Treatment of compound 52 with o-nitrophenyl selenocyanate and n-Bu 3 P afforded o-nitrophenylselenide 54 in 80% yield. Treatment of this compound with TsOH under benzene reflux brought about elimination of the tertiary hydroxyl group to give alkene 55 in almost quantitative yield (98%). In the last step, oxidation of the o-nitrophenylselenide with H 2 O 2 , followed by elimination of the resulting selenoxide brought about the formation of a double bond, affording the expected diene 40c in 74% yield for the last step.
Transformation of diol 53 into diene 40d was performed in a similar way. In this case elimination of the tertiary hydroxyl in compound 56 was more troublesome since prolonged acidic treatment gave rise to decomposition. A shorter treatment yielded 13% of unreacted starting material together with 66% of alkene 57 containing ca. 10% of the isomer with the exocyclic double bond, which was separated from diene 40d, after oxidative elimination of the selenide. Neither compound 40c nor 40d showed spectroscopic data coincident with those reported for natural (−)agarospirene isolated from Scapania robusta and S. maxima [25] , indicating that the reported structure for this natural product needed to be revised. As a matter of fact, comparison of the 1 H and 13 C NMR spectra of the natural product [29] with those of our synthetic products showed that the natural product was identical to 40b; this coincidence extended to optical rotation values, indicating that (−)-hinesene and (−)agarospirene are, in fact, the same natural product.
Rearrangement of the eudesmane to the spiroaxane skeleton would require migration of C-1, with contraction of the A ring. According to the strategy shown in Scheme 12, this rearrangement would involve a 5,6-epoxy-9-trimethylsilyleudesmane derivative or a related compound. Our group [30] has used this kind of rearrangement in a synthesis of (−)-gleenol (60) and (−)-axenol (59) from (R)-(−)-carvone (58) (Figure 2 ). (−)-Gleenol has been isolated from Picea glehni [31] , P. koraiensis [32] , Criptomeria japonica [33] , Juniperus oxycedrus [34] , and the brown alga Taonia atomaria [35] . The enantiomer, (+)-gleenol, and its C-6 epimer, (+)-axenol, have been isolated from New Zealand Eurypon sponge species. (+)-Gleenol shows termiticidal and antihelmintic activities, and growth regulation effects on plant seeds. 
Figure 2
Unlike in our previous synthesis of rotunol, we could not find an eudesmane derivative with the proper functionality to introduce a TMS group on C-9. Therefore, the decalinic system had to be constructed via a total synthesis starting from R-(−)-carvone, which would provide the B ring of the decalin (Scheme 18 Treatment of compound 66 with BF 3 ·Et 2 O in different solvents gave product mixtures in which rearrangement via the C-5 carbocation was the main reaction pathway. As predicted, the presence of the silicon group on the same ring of the epoxide favored the migration of methylene C-1 to give spirocompound 70 in a 4-5:1 ratio towards the methyl migration product 69. Cleavage of the epoxide could not be completely avoided and compound 67 was also obtained after acidic treatment. Compound 71 also resulting from cleavage of the acetal moiety.
Compound 70, obtained in this way, was used as a synthetic intermediate for the synthesis of (−)-gleenol (60) and (−)-axenol (59) (Scheme 20). Hydrogenation of the double bond on Pd/C (5%) gave two epimeric compounds 72 and 73 in 7:5 ratio, respectively and in quantitative yield. Compounds 72 and 73 were difficult to separate, however, upon protection of the hydroxyl groups as TMS ethers in the hydrogenation mixture both compounds could be separated, affording compounds 74 (50%) and 75 (30%). Introduction of the methyl group at C-2 required the use of cerium reagents since MeMgBr and MeLi brought about quantitative enolization of the ketone. Treatment of compound 75 with MeLi in the presence of CeCl 3 gave a 1:1.5 mixture of two alcohols in 96% yield. Subsequent dehydration of the mixture with mesyl chloride and triethylamine afforded a mixture of alkenes 76-78, which were separated by column chromatography.
Treatment of compound 78 with aqueous acetic acid deprotected the hydroxyl group to give compound 59, which showed spectral features coincident with those described for natural (+)-axenol and an opposite optical rotation sign. Compound 59 has been described also as an intermediate in a synthesis of axisonitrile-3. Inversion of the configuration of C-6 in compound 59 was carried out in two steps. Oxidation of the hydroxyl group with NMO-TPAP in compound 59 gave the corresponding ketone 79 in 89% yield. Finally, the ketone was reduced with L-selectride affording compound 60 in 67% yield, together with 15% of the previous alcohol 59.
Compound 60 had spectral features coincident with those described for natural (−)-gleenol [36] .
Our group [37] has also studied the rearrangement of several 4,5-epoxy-9-trimethylsilyl-eudesmanes and 15-noreudesmanes, which, according to Scheme 12, should undertake preferential migration of the angular methyl group, and the application of such rearrangements in a total synthesis of (−)aristolochene (83), an eremophilane sesquiterpene isolated from Aristolochia indica [38] , Bixa orellana [39] , Dumortiera hirsuta [40] , and which is also a component of the defensive secretion of some termites [41] .
The initial study was carried out with three epoxides (80-82) bearing different substitution on the oxirane ring and different relative stereochemistry between the epoxide and the TMS group (Figure 3) . Epoxides 80 and 82 were prepared from enone 64 (Scheme 21). To prepare epoxide 80, deoxygenation of the carbonyl group at C-3 was achieved via thioketal 84, which was desulfurized with calcium in liquid ammonia to give alkene 85. Epoxidation of the double bond by treatment with m-chloroperoxybenzoic acid (MCPA) afforded epoxide 80 in 89% yield, which resulted from the attack of the epoxidating reagent from the less sterically congested side of the double bond, opposite to the C-7-isopropyl chain.
The diastereomeric epoxide 82 was prepared using a modification of the Sharpless epoxidation of allylic alcohols. Reduction of enone 64 with NaBH 4 gave two epimeric alcohols 86 and 87 in 4% and 91% yields, respectively. Following a Mitsunobu protocol, the major alcohol 87 was transformed into 86, which has the proper stereochemistry at C-3 to induce epoxidation of the double bond from the β-side of the molecule. Reaction of compound 86 with tert-butyl hydroperoxide in the presence of Ti(i-PrO) 4 afforded only the cis epoxy alcohol 88 in 44% yield, part of the allylic alcohol being re-oxidized to enone 64.
Removal of the hydroxyl group at C-3 was achieved by previous transformation into a phenylselenide: Treatment of compound 88 with mesyl chloride gave the corresponding mesylate, which was treated with sodium phenylselenolate to afford phenylselenide 89.
Oxidation of the selenide with aqueous H 2 O 2 , followed by elimination of the resulting selenoxide gave alkene 90 in 69% yield. Finally, hydrogenation of the double bond with diimine afforded epoxide 82 in 78% yield. Epoxide 81 was synthesized following a similar sequence to that used in the synthesis of epoxide 80, but starting from enone 91, which can be readily prepared from 61 using ethyl vinyl ketone (EVK) in the Robinson annulation step.
Treatment of epoxide 80 with BF 3 ·Et 2 O in acetonitrile at −25°C afforded a 75% yield of an approximate 8:2 mixture of 95 and 96 with a 15-noreremophilane structure. The minor product 96 was the one expected from the direct methyl migration from C-10 to C-5, while the major product was assigned structure 95 with an allylic hydroxyl group on C- 
Scheme 23
The formation of compounds 96, 97 and 98 is explained in terms of a 1,2-shift of the angular methyl from C-10 to C-5 in the carbocation (i) that results after the acid-promoted cleavage of the epoxide to give a C-10 carbocation (ii), followed by elimination of the TMS group with concomitant formation of a double bond between C-9 and C-10 (Scheme 23, path a). The formation of compound 95 most probably involves successive methylene and methyl migrations, as outlined in Scheme 23 (path b).
The different outcome of the rearrangements of these epoxides probably is due to steric reasons. In every case, the rearrangement starts with the formation of a carbocation at C-5, followed by either methyl or methylene migration to form a carbocation at C-10. The formation of the C-10 carbocation is favored because of the stabilization of the incipient positive charge at C-10 by the silicon atom at C-9 (β effect), which is accounted for by two different contributions: an inductive effect and hyperconjugation. While the inductive effect does not depend on the migrating group, the hyperconjugative interaction between the silicon atom and the developing positive charge has a cosine-square dependence with the Si−C−C−C(migrating) dihedral angle. Examination of models of epoxides 80-82 indicates that the dihedral angles for the Si−C−C−C-1(methylene) and Si−C−C−C-14(methyl) arrays are similar within each one of the compounds, and they are far from the anti-coplanar arrangement, which would be the most favorable scenario for the hyperconjugative stabilization. Therefore, hyperconjugation must have little differentiating effect to favor a mechanistic pathway (path a or path b) with respect to the other, and the selectivity observed during the rearrangements of compounds 80-82 most probably is due to other causes, probably steric ( Figure 4 ). Thus, in the case of compound 80, migration of the methylene C-1 anti to the epoxide breaking C−O bond would be preferred with respect to the migration of the C-14 methyl syn to the epoxide ring; therefore, path b is the major pathway in this reaction. For some reason, elimination of the TMS group in the resulting spiranic carbocation (iii) is not fast enough and this allows further rearrangements until the final quenching of the carbocation (v) to give compound 95. In the case of the rearrangement of epoxide 82, migration of the C-14 methyl anti to the epoxide (path a) would be the most favorable process leading to compound 97. Finally, in the case of the tetrasubstituted epoxide 81, migration of the C-1 methylene would be hindered by the C-15 methyl group and, therefore, the reaction would follow path a, with methyl migration to give compound 98.
The applicability of these rearrangements was shown in a synthesis of the eremophilane sesquiterpene, (−)-aristolochene (83) (Scheme 24). The synthesis started with compound 91. In order to remove the oxygen at C-3 in this compound, we attempted the same thioketalization-desulfurization procedure employed for the preparation of 85. However, the double bond from the isopropilydene chain was sensitive to the presence of BF 3 ·Et 2 O. Therefore, deoxygenation was achieved in one step by reduction with LiAlH 4 -AlCl 3 to give diene 99 in 54% yield. Epoxidation of 99 with MCPA at 0°C afforded epoxide 100 in 70% yield, together with 5% of diepoxide 101. Rearrangement of epoxide 100 was carried out with TiF 4 instead of BF 3 ·Et 2 O in order to avoid migration of the isopropilydene double bond, affording compound 102 in 45% yield. Finally, removal of the hydroxyl group on C-4 was achieved as described in the synthesis of compounds 40a,b by treatment of 102 with acetic anhydride/pyridine and reduction of the resulting 3-acetoxy-2-butenoyl esters with potassium in tert-butylamine. During this reaction the inversion in the configuration of C-4 took place as a consequence of the preferential protonation from the less hindered side of the molecule, opposite to the angular methyl C-14, to give an almost quantitative yield of a product that showed spectral data coincident with those described in the literature for (−)-aristolochene (83) [42] .
In this survey we have shown that a TMS group properly positioned on either C-1 or C-9 promotes the acidic rearrangement of 10-methyl-4,5-epoxydecalins and 10-methyl-5,6-epoxydecalins with exclusive migration toward C-5 of either the methyl or methylene groups linked directly to C-10. The preference for the migration of these groups depends on the relative disposition of the epoxide and TMS groups. In these rearrangements, the TMS group, being not the only determining factor in the selectivity of methyl vs. methylene migration, plays an important role by stabilizing the C-10 carbocation, hence favoring the reaction pathways that occur through this carbocation with respect to other possible mechanistic pathways. The TMS group also inhibits the Grob-type fragmentation of the rearranged hydroxycarbocations and determines the location of the new double bond in the final products. The synthetic applicability of this biomimetic approach is shown by the synthesis of several spirovetivane, spiroaxane and eremophilane sesquiterpenes.
